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Introduction {#art41170-sec-0005}
============

Fibromyalgia (FM) is a complex condition characterized by widespread pain and fatigue. Pharmacologic interventions are only modestly effective for treating FM, with most individuals experiencing activity‐limiting pain despite use of multiple drugs [1](#art41170-bib-0001){ref-type="ref"}, [2](#art41170-bib-0002){ref-type="ref"}. It has become increasingly recognized that nonpharmacologic interventions should be considered as first‐line treatments for chronic pain [3](#art41170-bib-0003){ref-type="ref"}, [4](#art41170-bib-0004){ref-type="ref"}, [5](#art41170-bib-0005){ref-type="ref"} and as safe, low‐cost treatments that can be added to pharmacologic approaches. While there is strong evidence that exercise is an effective treatment for FM [6](#art41170-bib-0006){ref-type="ref"}, [7](#art41170-bib-0007){ref-type="ref"}, individuals report that movement‐evoked pain limits activity participation [8](#art41170-bib-0008){ref-type="ref"}, [9](#art41170-bib-0009){ref-type="ref"}. Use of nonpharmacologic approaches that reduce movement‐evoked pain would theoretically increase activity participation, resulting in a perceived global improvement.

Transcutaneous electrical nerve stimulation (TENS) is a nonpharmacologic intervention that delivers electrical current through the skin for pain control. Animal studies show that TENS activates endogenous inhibitory mechanisms to reduce central excitability [10](#art41170-bib-0010){ref-type="ref"}, [11](#art41170-bib-0011){ref-type="ref"}, [12](#art41170-bib-0012){ref-type="ref"}, [13](#art41170-bib-0013){ref-type="ref"}, [14](#art41170-bib-0014){ref-type="ref"}. In contrast, individuals with FM exhibit reduced endogenous inhibition and enhanced central excitability [15](#art41170-bib-0015){ref-type="ref"}, [16](#art41170-bib-0016){ref-type="ref"}. Thus, based on the mechanism of action of TENS, it may be useful in individuals with FM.

Although TENS is effective for several pain conditions, recent systematic reviews have shown mixed results [17](#art41170-bib-0017){ref-type="ref"}, [18](#art41170-bib-0018){ref-type="ref"}, [19](#art41170-bib-0019){ref-type="ref"}, [20](#art41170-bib-0020){ref-type="ref"}. Johnson and colleagues have noted limitations of the TENS trials currently described in the literature, such as inadequate sample size, limited outcome data, and moderate risk of bias [17](#art41170-bib-0017){ref-type="ref"}, [21](#art41170-bib-0021){ref-type="ref"}. We have further suggested that variables not considered in TENS clinical trials also lead to equivocal results [22](#art41170-bib-0022){ref-type="ref"}. Stimulation intensity must be strong, but comfortable or greater for TENS effectiveness [14](#art41170-bib-0014){ref-type="ref"}, [23](#art41170-bib-0023){ref-type="ref"}, [24](#art41170-bib-0024){ref-type="ref"}. TENS works best for movement‐evoked pain [24](#art41170-bib-0024){ref-type="ref"}, [25](#art41170-bib-0025){ref-type="ref"} and provides the greatest effects while the unit is on [22](#art41170-bib-0022){ref-type="ref"}, [26](#art41170-bib-0026){ref-type="ref"}, yet prior studies have routinely measured resting pain or assess pain after treatment, when physiologic effects of TENS are no longer optimal [25](#art41170-bib-0025){ref-type="ref"}, [27](#art41170-bib-0027){ref-type="ref"}, [28](#art41170-bib-0028){ref-type="ref"}, [29](#art41170-bib-0029){ref-type="ref"}, [30](#art41170-bib-0030){ref-type="ref"}. Furthermore, few studies have examined effects on other domains such as fatigue, quality of life, or function.

We designed a double‐blind randomized controlled trial to examine the effects of TENS in women with FM, using a study protocol that does not entail weaknesses of prior studies. The primary aim was to test effectiveness of repeated TENS on movement‐evoked pain in women with FM following random assignment to 3 groups: active TENS, placebo TENS, or no TENS. Secondary aims were to test the effects of TENS on fatigue, function, and other patient‐reported outcomes. We hypothesized that TENS would reduce movement‐evoked pain, resulting in perceived global improvement in women with FM.

Patients and methods {#art41170-sec-0006}
====================

 {#art41170-sec-0007}

### Study design and participants {#art41170-sec-0008}

The Fibromyalgia Activity Study with TENS (FAST) is a phase II randomized, double‐blind, placebo‐controlled, dual‐site clinical trial conducted at the University of Iowa and Vanderbilt University Medical Center and approved by the institutional review boards of both universities. The study protocol has been previously described [31](#art41170-bib-0031){ref-type="ref"}, and the study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants prior to enrollment.

We examined the effects of TENS home use in women with FM in a trial in which women were treated with TENS or placebo for 4 weeks, followed by a 4‐week period during which all subjects received active TENS (Figure [1](#art41170-fig-0001){ref-type="fig"}A). Participants were recruited from 2 sites using a variety of strategies (for details see [Supplementary Methods](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). Eligibility was verified at both visit 1 and visit 2. Inclusion criteria were as follows: female sex, age 18--70 years, FM according to the American College of Rheumatology 1990 criteria [32](#art41170-bib-0032){ref-type="ref"}, on a stable medication regimen during the 4 weeks preceding the study, and projected to be on a stable treatment regimen for the next 2 months. Exclusion criteria included a pain level of \<4 on a 10‐point numerical rating scale (NRS) at the first and second visits, inability to walk 6 minutes without assistance, TENS use in the last 5 years, presence of a pacemaker, history of neuropathic or autoimmune disorder, history of spinal fusion or metal implants in the spine, allergy to adhesive or nickel, pregnancy, epilepsy, and/or a serious or unstable medical or psychiatric condition that would preclude participation [31](#art41170-bib-0031){ref-type="ref"}. All participants continued current treatments prescribed by their health care provider and were asked not to change medications during the study. Current medications were recorded at each visit. Analgesic use before the second visit did not differ between groups ([Supplementary Table 1](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

![Study design and Consolidated Standards of Reporting Trials (CONSORT) diagram. **A**, Study design for all 4 visits. At visit 1, participants were screened for pain and fibromyalgia (FM) according to the American College of Rheumatology 1990 criteria [32](#art41170-bib-0032){ref-type="ref"}. At visit 2, subjects were re‐screened for pain and randomized into treatment (Tx) groups. Baseline questionnaires were assigned, and subjects were assessed for pain and fatigue at rest and during functional tasks. Transcutaneous electrical nerve stimulation (TENS) was applied during visit 2 and remained turned on for 30 minutes prior to reassessment of pain, fatigue, and function. Participants were given the TENS unit for home use over a 4‐week period before returning for visit 3. Visit 3 followed the same protocol as visit 2. After visit 3, all subjects received active TENS for 4 weeks and were reassessed with the same protocol as visits 2 and 3. All assessments were the same across treatment arms. **B**,CONSORT diagram. We assessed 1,046 participants for eligibility, with 468 excluded prior to enrollment. The main reasons for exclusion were previous TENS use and a pain level of \<4 on a 10‐point numerical rating scale. Following enrollment at visit 1, 5 subjects did not meet the criteria for FM, and 1 week later at visit 2, 14 subjects were excluded for having a pain level of \<4. After enrollment on visit 1, 17 subjects withdrew from the study due to personal reasons. Thus, the remaining 301 participants were then randomly assigned to receive active TENS (n = 103), placebo TENS (n = 99), or no TENS (n = 99). Color figure can be viewed in the online issue, which is available at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>.](ART-72-824-g001){#art41170-fig-0001}

### Outcome measures {#art41170-sec-0009}

The primary outcome measure was movement‐evoked pain and secondary outcome measures were resting pain, fatigue, function, disease impact, quality of life, fear of movement, and other psychological factors. These measures are described briefly below, with more detail in the published protocol [31](#art41170-bib-0031){ref-type="ref"}. The effects of TENS on pain and fatigue were examined before and during TENS treatment on visits 2, 3, and 4. Patient‐reported outcomes were examined before TENS treatment at these same visits.

#### Assessment of pain, fatigue, and physical function {#art41170-sec-0010}

Pain intensity at rest and during movement was measured with an 11‐point NRS before and during TENS. Movement‐evoked pain was measured during a 6‐minute walk test, which measures the distance a person can walk in 6 minutes, and a 5‐time sit‐to‐stand test, which measures how long it takes for a person to move from a seated position to standing 5 times. Pain intensity and interference were measured using the Brief Pain Inventory (BPI) [33](#art41170-bib-0033){ref-type="ref"}. Fatigue at rest and during movement was measured with an 11‐point NRS before and during the 6‐minute walk test and 5‐time sit‐to‐stand test and with the Multidimensional Assessment of Fatigue (MAF) [34](#art41170-bib-0034){ref-type="ref"}. Physical function was assessed using the 6‐minute walk test, the 5‐time sit‐to‐stand test, physical activity for 1 week recorded via accelerometry ([Supplementary Methods](#art41170-sup-0001){ref-type="supplementary-material"}, <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>), and the International Physical Activity Questionnaire (IPAQ) short form [35](#art41170-bib-0035){ref-type="ref"}.

#### Patient‐reported outcomes {#art41170-sec-0011}

We examined fear of movement with the Tampa Scale of Kinesiophobia (TSK) [36](#art41170-bib-0036){ref-type="ref"}, pain catastrophizing with the Pain Catastrophizing Scale (PCS) [37](#art41170-bib-0037){ref-type="ref"}, self‐efficacy with the Pain Self‐Efficacy Questionnaire (PSEQ) [38](#art41170-bib-0038){ref-type="ref"}, and depression and anxiety with Patient‐Reported Outcomes Measurement Information System (PROMIS) short forms. Disease impact was measured with the Revised Fibromyalgia Impact Questionnaire (FIQ) [39](#art41170-bib-0039){ref-type="ref"}, and quality of life was assessed with the Short Form 36 (SF‐36) Health Survey [40](#art41170-bib-0040){ref-type="ref"}. Use of rescue pain medication was examined using home logs for opioid and non‐opioid analgesic use 1 week before visits 2, 3, and 4. Of the 301 participants enrolled in the study, completed logs were available for 227 patients' pain medication use, opioid and non‐opioid, (76 in the active TENS group, 70 in the placebo TENS group, and 81 in the no TENS group). Perceived improvement was examined with the Global Impression of Change (GIC) using a 7‐point scale.

### Randomization, allocation, and blinding {#art41170-sec-0012}

Participants were randomly assigned to active TENS, placebo TENS, or no TENS groups with permuted blocks sizes of 6 and 9, stratified by site and opioid use status (Proc Plan; SAS/STAT software version 13.1). Subjects were classified as opioid users if they had taken an opioid at least 5 days per week for the last 30 days. The randomization schedule was password‐protected, with access granted only to those who were not blinded with regard to the intervention (the statistician \[MBZ\] who generated the randomization schedule and the TENS allocators \[CGTV, JMW\] who provided the TENS intervention). Neither the statistician nor the TENS allocators had any role in patient recruitment, scheduling, or assessment of outcomes.

Assessments were performed by a separate person (outcome assessors \[DLD, KMG, MG\]) than the TENS allocators. Participants were blinded with regard to their treatment group (active TENS or placebo TENS), and outcome assessors were blinded with regard to all 3 groups. TENS allocators, who were not blinded with regard to treatment, were responsible for accessing the randomization schedule to assign participants to groups and for maintaining contact with participants between visits 2 and 3 (blinded phase). A mock TENS unit (a TENS unit with attached electrodes that provided no electric current intensity) was used in the no TENS group during visits 2 and 3 to blind outcome assessors. For all groups, a concealment pouch was used to prevent an outcome assessor from viewing the TENS unit, and participants were asked to not discuss treatment with outcome assessors. A standardized script for each treatment group specific to each visit was utilized so that all participants received the same instructions. The standardized script remained identical (except for 1 line that differed between the active TENS and placebo TENS groups, to reduce bias) (see [Supplementary Methods](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). Blinding of outcome assessors was assessed after visit 3 by asking the assessors if the participant had received active TENS, placebo TENS, or no TENS (or if they did not know what treatment the participants received), and blinding of participants was determined by asking if they had received active TENS or placebo TENS, or if they did not know what treatment they received. Additional details on the integrity of blinding procedures performed in this study are available in [Supplementary Methods](#art41170-sup-0001){ref-type="supplementary-material"}.

### TENS intervention {#art41170-sec-0013}

The EMPI Select TENS units (generously provided by DJO Global) delivered both active TENS and placebo TENS interventions via butterfly electrodes placed at the cervicothoracic junction and lower back (see [Supplementary Figure 1](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). Active TENS parameters were as follows: asymmetric biphasic waveform with a modulating frequency of 2--125 Hz, pulse duration 200 μsec, and the highest tolerable stimulation intensity. During visits 2, 3, and 4, TENS was applied by a TENS allocator in a clinical setting for 30 minutes prior to an outcome assessor measuring its effects on pain, fatigue, and function. The placebo TENS unit had an appearance identical to that of the active TENS unit and delivered current for 45 seconds, ramping down to 0 in the last 15 seconds [41](#art41170-bib-0041){ref-type="ref"}.

Following completion of visit 2, active TENS or placebo TENS units were sent home with participants with an instruction manual developed by study personnel. TENS allocators used a standardized script to instruct participants on home use and for weekly contact. Participants were instructed to use TENS at least 2 hours per day during physical activity. Both active TENS and placebo TENS units monitored the number of sessions, number of minutes used, and average intensity per channel. All participants received active TENS between visit 3 and visit 4 (the nonblinded phase) with identical instructions.

### Statistical analysis {#art41170-sec-0014}

Sample size was determined using data from our pilot study [25](#art41170-bib-0025){ref-type="ref"}, in which a single active TENS treatment was compared to placebo TENS and no TENS (maximum SD 1.96 for movement‐evoked pain). Assuming an SD of 2.0, 80% power to detect a *P* value of \<0.05, a correlation (r) of 0.5 between pain measurements in the same subject, and a sample size of 88 per group, linear mixed model analysis of repeated measures at 3 time points (visit 2 pre‐TENS, visit 3 pre‐TENS, and visit 3 post‐TENS) would be able to detect a clinically meaningful mean difference of at least 1.5 (equivalent to a 30% improvement in pain for this sample, which had an average baseline pain score of 5 on a 0--10 NRS), which corresponds to an effect size of 0.75. A 30% improvement in pain is considered clinically significant [42](#art41170-bib-0042){ref-type="ref"}.

Both intent‐to‐treat (ITT) and per‐protocol analyses were used to assess treatment effect. For per‐protocol analysis, minimal effective treatment was defined as an average of 30 minutes each day and a minimum of 8 sessions over 4 weeks. Primary and secondary outcome variables, except for rescue medication, were compared among groups using linear mixed models for repeated measures controlling for site, as there were significant differences between sites at baseline ([Supplementary Table 2](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>) [42](#art41170-bib-0042){ref-type="ref"}. For the outcome variables of movement‐evoked pain, resting pain, fatigue, and function during the randomized portion of the trial, the time variable comprised 4 time points: visit 2 pre‐TENS, visit 2 during TENS, visit 3 pre‐TENS, and visit 3 during TENS. In fitting the linear mixed model, Akaike\'s information criteria (AIC) and Bayesian information criteria (BIC) were used to select the covariance structure that best fit these longitudinal measures within‐subject. The covariance types that were considered included compound symmetry, heterogeneous compound symmetry, first‐order autoregressive, and unstructured.

Based on these model parameter estimates and the fitted covariance structure, tests of mean contrast were performed to assess the effect of TENS, compared to placebo, and control on the primary outcome measures. These assessments included 1) testing within each treatment group for the immediate effect of TENS use (during TENS versus pre‐TENS at visits 2 and 3); 2) testing within each treatment group for the long‐term effect of TENS (during TENS at visit 3 versus pre‐TENS at visit 2, as well as pre‐TENS at visit 3 versus pre‐TENS at visit 2); and 3) comparison of long‐term effect of TENS according to treatment (visit 3 during TENS minus visit 2 pre‐TENS, as well as visit 3 pre‐TENS minus visit 2 pre‐TENS, compared between treatment groups).

The analgesic effect of TENS is produced by release of inhibitory neurotransmitters (endogenous opioids, serotonin, γ‐aminobutyric acid \[GABA\]), and thus the effects are maximal during the actual time the unit is on [14](#art41170-bib-0014){ref-type="ref"}. We therefore tested the primary outcome after 4 weeks of home use at a time point when the TENS unit was active (visit 3 during TENS) and compared this outcome to visit 2 before TENS use (visit 2 pre‐TENS). To account for the number of tests performed within each of the 3 sets of tests, *P* values with Bonferroni adjustment for multiple comparisons were used. Similar analysis was performed, using a linear mixed model for repeated measures, for the other secondary variables that were measured at 2 time points (visit 2 and visit 3). The following analyses were performed: 1) test for change (visit 3 versus visit 2) within each treatment group (Bonferroni‐adjusted for 3 tests) and 2) comparison of visit 3 minus visit 2 change between treatment groups (Bonferroni‐adjusted for 3 tests).

Since Revised FIQ results and marital status differed at baseline between groups, treatment effect on outcome measures was also tested with Revised FIQ results and marital status as a covariate in the model. Estimates of mean change or difference between groups with 95% confidence intervals (95% CIs) were computed. Rescue pain medication (opioid and non‐opioid analgesics) was calculated as morphine equivalents for opioids and as the number of pills for non‐opioid analgesics. The groups were subdivided by those who reported rescue pain medication use at visit 2 and those who did not use pain medication. We then examined the change in rescue medication between visit 2 and visit 3 to classify study participants as either 1) those who decreased the amount of rescue medication or who remained non‐users or 2) those who increased or used the same amount of rescue medication. The percentages of participants in these 2 categories were compared among the treatment groups using the Cochran‐Mantel‐Haenszel test, controlling for site and rescue pain medication use at visit 2.

The handling of missing data in linear mixed model analysis assumes that data are missing at random. However, a subsequent analysis that examined sensitivity of the findings if data were missing not at random (with a multiple imputation approach) was performed using a control‐based pattern imputation and delta‐adjustment imputation ([Supplementary Methods and Supplementary Table 3](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

Results {#art41170-sec-0015}
=======

 {#art41170-sec-0016}

### Participants {#art41170-sec-0017}

Between September 2013 and February 2018, 352 participants were enrolled in this study, with 301 randomly assigned to 1 of 3 groups (active TENS \[n = 103\], placebo TENS \[n = 99\], or no TENS \[n = 99\]), which comprised ITT analysis (Figure [1](#art41170-fig-0001){ref-type="fig"}B). The majority of participants who were enrolled but not randomized failed to meet the pain severity threshold required for inclusion at visit 2. Of the 301 randomized participants, 238 were included in the per‐protocol analysis (active TENS \[n = 76\], placebo TENS \[n = 68\], and no TENS \[n = 94\]). Participant demographics and baseline characteristics prior to randomization at visit 2 were similar between all 3 groups except for marital status and Revised FIQ (Table [1](#art41170-tbl-0001){ref-type="table"} and [Supplementary Results](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). Subjects used active TENS for a median of 77.1 minutes (interquartile range \[IQR\] 51.4--109.7) each day and placebo TENS for a median of 72 minutes (IQR 39.4--104.6) each day. The mean ± SD stimulation intensity in the active treatment group was 38.8 ± 7.98 mA for lumbar locations and 38.7 ± 7.2 mA for cervical locations.

###### 

Demographic and baseline clinical characteristics of the study participants[a](#art41170-note-0006){ref-type="fn"}

                                                                                       Active TENS (n = 103)                                Placebo TENS (n = 99)   No TENS (n = 99)
  ------------------------------------------------------------------------------------ ---------------------------------------------------- ----------------------- --------------------
  Demographic variables[b](#art41170-note-0007){ref-type="fn"}                                                                                                      
  Age, years                                                                           44.7 ± 14.3                                          47.2 ± 12.6             48.6 ± 11.8
  White race, %                                                                        92                                                   92                      92
  Ethnicity, not Hispanic, %                                                           95                                                   95                      95
  Married/living with partner, %                                                       33[c](#art41170-note-0008){ref-type="fn"}            51                      52
  Less than college graduate, %                                                        61                                                   61                      64
  Working, %                                                                           55                                                   45                      58
  Health variables                                                                                                                                                  
  Never smoked, %                                                                      82                                                   80                      70
  Body mass index, kg/m^2^                                                             34.8 ± 8.7                                           33.7 ± 8.8              34.0 ± 8.9
  Duration of fibromyalgia, median (range) years                                       7 (3--12)                                            7 (2--14)               7 (4--15)
  Opioid use for pain[d](#art41170-note-0009){ref-type="fn"}, no. (%)                  27 (26)                                              26 (26)                 26 (26)
  Baseline measures                                                                                                                                                 
  Pain with movement during 6MWT (0--10) (primary outcome measure)                     6.5 ± 1.9                                            6.2 ± 1.9               6.4 ± 1.9
  Pain with movement during 5STS (0--10) (primary outcome measure)                     5.8 ± 2.4                                            5.5 ± 2.2               5.6 ± 2.2
  Pain at rest, NRS (0--10)                                                            6.2 ± 1.5                                            5.9 ± 1.4               6.1 ± 1.6
  Fatigue at rest, NRS (0--10)                                                         6.8 ± 2.0                                            6.1 ± 1.8               6.4 ± 2.0
  Revised FIQ pain score (0--10)                                                       6.7 ± 1.8[e](#art41170-note-0010){ref-type="fn"}     6.0 ± 1.6               6.15 ± 1.8
  Revised FIQ disease impact score (0--100)                                            59.2 ± 16.8[f](#art41170-note-0011){ref-type="fn"}   53.7 ± 15.9             55.6 ± 16.0
  Mental quality of life (SF‐36 mental composite score, T score)                       38.7 ± 10.0                                          40.2 ± 10.2             39.5 ± 10.6
  Physical quality of life (SF‐36 physical composite score, T score)                   32.7 ± 6.4                                           33.3 ± 6.2              32.7 ± 6.6
  Pain catastrophizing (PCS, 0--52)                                                    23.1 ± 13.0                                          20.4 ± 12.5             20.8 ± 12.1
  Self‐efficacy (PSEQ, 0--60)                                                          28.2 ± 13.3                                          29.9 ± 13.1             29.0 ± 13.2
  Fear of movement (TSK, 17--68)                                                       36.5 ± 7.7                                           37.1 ± 8.0              37.4 ± 8.3
  Anxiety (PROMIS, T score)                                                            58.8 ± 8.7                                           58.1 ± 8.0              58.3 ± 7.8
  Depression (PROMIS, T score)                                                         58.1 ± 8.1                                           55.7 ± 8.5              56.6 ± 8.1
  Function (6MWT, feet walked)                                                         1,386 ± 323                                          1,358 ± 305             1,316 ± 318
  Function (5TSTS, sit‐to‐stand times in 10 seconds)                                   4.1 ± 1.5                                            4.0 ± 1.4               3.9 ± 1.5
  Physical activity, median (range) minutes per day of moderate‐to‐vigorous activity   17.7 (7.4--29.0)                                     16.5 (6.3--29.1)        15.0 (7.3--36.0)
  Physical activity, IPAQ SF, median (range) METs per week                             1,290 (504--3,276)                                   1,108 (198--2,839)      1,386 (297--2,970)
  TENS use (n = 94)                                                                                                                                                 
  Intensity used on lumbar locations, mA                                               38.67 ± 7.98                                         --                      --
  Intensity used on cervical locations, mA                                             38.70 ± 7.24                                         --                      --
  Minutes used per day, median (range)                                                 77.1 (51.4--109.7)                                   --                      --

Except where indicated otherwise, values are the mean ± SD. TENS = transcutaneous electrical nerve stimulation; 6MWT = 6‐minute walk test; 5TSTS = 5‐time sit‐to‐stand test; NRS = numerical rating scale; FIQ = Fibromyalgia Impact Questionnaire; SF‐36 = short‐form 36; PCS = Pain Catastrophizing Scale; PSEQ = Pain Self‐Efficacy Questionnaire; TSK = Tampa Scale of Kinesiophobia; PROMIS = Patient‐Reported Outcomes Measurement Information System; IPAQ SF = International Physical Activity Questionnaire short‐form; METs = metabolic equivalents.

Percentages are based on the number of participants who chose to respond.

*P* = 0.010 versus placebo TENS and no TENS groups.

Groups were stratified for opioid use during randomization.

*P* = 0.020.

*P* = 0.049.

John Wiley & Sons, Ltd

### Outcome measures {#art41170-sec-0018}

#### Pain {#art41170-sec-0019}

After 4 weeks of active TENS use, within‐group movement‐evoked pain during a 6‐minute walk test was significantly reduced by 1.8 points (95% CI --2.3, --1.2) compared to pre‐TENS treatment on visit 2, and the reduction was greater compared to movement‐evoked pain observed in the placebo TENS group (mean --0.8 \[95% CI --1.4, --0.2\]; *P* = 0.008) and the no TENS group (mean --0.006 \[95% CI --0.5, 0.6\]; *P* \< 0.0001) (Figure [2](#art41170-fig-0002){ref-type="fig"} and Table [2](#art41170-tbl-0002){ref-type="table"}), per ITT analysis. Similar results were obtained after adjustment for baseline Revised FIQ and marital status. There were also significant reductions in resting pain (NRS), pain intensity and interference (BPI), and pain based on the Revised FIQ in the active TENS group compared to the placebo TENS or no TENS groups after 4 weeks of home use (*P* \< 0.05) (Figure [2](#art41170-fig-0002){ref-type="fig"} and Table [2](#art41170-tbl-0002){ref-type="table"}). Per‐protocol analysis demonstrated similar results for pain ([Supplementary Figure 2 and Supplementary Table 4](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). There was no significant change observed at visit 3 in rescue pain medication use after 1 month of active TENS versus placebo TENS or no TENS ([Supplementary Table 5](#art41170-sup-0001){ref-type="supplementary-material"}, <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

![Active transcutaneous electrical nerve stimulation (TENS) use significantly decreased pain and fatigue in women with fibromyalgia during activity and at rest compared to placebo TENS or no TENS use, per intent‐to‐treat analysis. Graphs show movement‐evoked and resting pain and fatigue before and during treatment at visits 2 and 3. Between visits 2 and 3, participants used TENS at home for 4 weeks (dotted lines). **A**, Movement‐evoked pain during the 6‐minute walk test (6MWT). **B**, Movement‐evoked pain during a 5‐time sit‐to‐stand test (5TSTS). **C**, Resting pain. **D**, Movement‐evoked fatigue during the 6MWT. **E**, Movement‐evoked fatigue during the 5TSTS. **F**, Resting fatigue. \* = *P* \< 0.05 versus placebo TENS and no TENS. Data are the mean ± SEM.](ART-72-824-g002){#art41170-fig-0002}

###### 

Primary and secondary outcomes in the intent‐to‐treat analysis (corrected for study site differences at baseline)[a](#art41170-note-0012){ref-type="fn"}

                                                                                                          Change from visit 2                                            Active TENS versus placebo TENS                                Active TENS versus no TENS                                                                                              
  ------------------------------------------------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- --------------------------------------------------------------- ---------------------- -------- ----------------------- ----------
  Pain (6MWT, 0--10)                                                                                                                                                                                                                                                                                                                                            
  Visit 3 (randomized)                                                                                    --1.8 (--2.3, --1.2)[b](#art41170-note-0013){ref-type="fn"}    --0.8 (--1.4, --0.2)[c](#art41170-note-0014){ref-type="fn"}    0.0 (--0.5, 0.6)                                                --1.0 (--1.8, --0.2)   0.008    --1.8 (--2.6, --1.0)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --2.0 (--2.8, --1.3)[b](#art41170-note-0013){ref-type="fn"}    --1.9 (--2.7, --1.2)[b](#art41170-note-0013){ref-type="fn"}    --1.9 (--2.6, --1.2)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Pain (5TSTS, 0--10)                                                                                                                                                                                                                                                                                                                                           
  Visit 3 (randomized)                                                                                    --1.6 (--2.3, --1.0)[b](#art41170-note-0013){ref-type="fn"}    --0.3 (--1.0, 0.3)                                             0.2 (--0.4, 0.9)                                                --1.3 (--2.2, --0.4)   0.002    --1.8 (--2.8, --1.0)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --1.9 (--2.6, --1.1)[b](#art41170-note-0013){ref-type="fn"}    --1.4 (--2.2, --0.7)[b](#art41170-note-0013){ref-type="fn"}    --1.3 (--2.1, --0.6)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Resting pain (0--10)                                                                                                                                                                                                                                                                                                                                          
  Visit 3 (randomized)                                                                                    --1.9 (--2.5, --1.4)[b](#art41170-note-0013){ref-type="fn"}    --0.7 (--1.3, --0.1)[d](#art41170-note-0015){ref-type="fn"}    --0.5 (--1.1, 0.0)                                              --1.2 (--2.1, --0.4)   0.0006   --1.4 (--2.2, --0.6)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --2.2 (--2.9, --1.6)[b](#art41170-note-0013){ref-type="fn"}    --1.9 (--2.6, --1.2)[b](#art41170-note-0013){ref-type="fn"}    --2.2 (--2.8, --1.5)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Fatigue (6MWT, 0--10)                                                                                                                                                                                                                                                                                                                                         
  Visit 3 (randomized)                                                                                    --1.5 (--2.2, --0.8)[b](#art41170-note-0013){ref-type="fn"}    --0.1 (--0.9, 0.7)                                             0.4 (--0.3, 1.1)                                                --1.4 (--2.4, --0.4)   0.001    --1.9 (--2.9, --0.9)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --1.3 (--2.0, --0.6)[b](#art41170-note-0013){ref-type="fn"}    --0.9 (--1.7, --0.2)[c](#art41170-note-0014){ref-type="fn"}    --0.9 (--1.7, --0.2)[c](#art41170-note-0014){ref-type="fn"}                                                             
  Fatigue (5TSTS, 0--10)                                                                                                                                                                                                                                                                                                                                        
  Visit 3 (randomized)                                                                                    --1.2 (--1.9, --0.5)[b](#art41170-note-0013){ref-type="fn"}    0.0 (--0.8, 0.7)                                               0.8 (0.1, 1.5)[d](#art41170-note-0015){ref-type="fn"}           --1.2 (--2.2, --0.2)   0.011    --2.0 (--3.0, --1.0)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --1.1 (--1.9, --0.4)[b](#art41170-note-0013){ref-type="fn"}    --0.8 (--1.6, --0.1)[d](#art41170-note-0015){ref-type="fn"}    --0.6 (--1.4, 0.1)                                                                                                      
  Resting fatigue (0--10)                                                                                                                                                                                                                                                                                                                                       
  Visit 3 (randomized)                                                                                    --1.9 (--2.6, --1.2)[b](#art41170-note-0013){ref-type="fn"}    --0.8 (--1.5, --0.04)[d](#art41170-note-0015){ref-type="fn"}   --0.4 (--1.0, 0.4)                                              --1.2 (--2.2, --0.1)   0.016    --1.57 (--2.6, --0.6)   0.0002
  Visit 4 (all with TENS)                                                                                 --2.1 (--2.9, --1.4)[b](#art41170-note-0013){ref-type="fn"}    --1.6 (--2.4, --0.8)[b](#art41170-note-0013){ref-type="fn"}    --1.8 (--2.6, --1.1)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Disease impact (Revised FIQ, 0--10)                                                                                                                                                                                                                                                                                                                           
  Visit 3 (randomized)                                                                                    --8.5 (--12.9, --4.0)[b](#art41170-note-0013){ref-type="fn"}   --3.4 (--6.5, --0.3)[d](#art41170-note-0015){ref-type="fn"}    --1.39 (--4.4, 1.6)                                             --5.0 (--10.4, 0.3)    0.074    --7.1 (--12.4, --1.8)   0.005
  Visit 4 (all with TENS)                                                                                 --9.6 (--13.8, --5.4)[b](#art41170-note-0013){ref-type="fn"}   --11.1 (--15.2, 7.0)[b](#art41170-note-0013){ref-type="fn"}    --10.7 (--14.8, --6.6)[b](#art41170-note-0013){ref-type="fn"}                                                           
  Pain (Revised FIQ, 0--10)                                                                                                                                                                                                                                                                                                                                     
  Visit 3 (randomized)                                                                                    --1.3 (--1.8, --0.7)[b](#art41170-note-0013){ref-type="fn"}    --0.4 (--0.9, 0.2)                                             --0.1 (--0.6, 0.4)                                              --0.9 (--1.7, --0.1)   0.018    --1.2 (--1.9, --0.4)    0.0006
  Visit 4 (all with TENS)                                                                                 --1.4 (--2.0, --0.8)[b](#art41170-note-0013){ref-type="fn"}    --1.2 (--1.7, --0.6)[b](#art41170-note-0013){ref-type="fn"}    --1.4 (--1.9, --0.8)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Pain (BPI interference, 0--10)                                                                                                                                                                                                                                                                                                                                
  Visit 3 (randomized)                                                                                    --0.9 (--1.4, --0.5)[b](#art41170-note-0013){ref-type="fn"}    --0.3 (--0.7, 0.2)                                             --0.3 (--0.7, 0.2)                                              0.7 (--1.3, 0.01)      0.043    --0.6 (--1.3, 0.0)      0.048
  Visit 4 (all with TENS)                                                                                 --1.1 (--1.6, --0.6)[b](#art41170-note-0013){ref-type="fn"}    --0.9 (--1.4, --0.3)[b](#art41170-note-0013){ref-type="fn"}    --1.2 (--1.7, --0.7)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Pain (BPI intensity, 0--10)                                                                                                                                                                                                                                                                                                                                   
  Visit 3 (randomized)                                                                                    --0.8 (--1.1, --0.4)[b](#art41170-note-0013){ref-type="fn"}    --0.3 (--0.6, 0.1)                                             0.15 (--0.2, 0.5)                                               --0.5 (--1.0, 0.0)     0.036    --0.9 (--1.4, --0.4)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --1.0 (--1.4, --0.6)[b](#art41170-note-0013){ref-type="fn"}    --0.9 (--1.3, --0.5)[b](#art41170-note-0013){ref-type="fn"}    --0.9 (--1.2, --0.5)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Fatigue (MAF GFI, 1--50)                                                                                                                                                                                                                                                                                                                                      
  Visit 3 (randomized)                                                                                    --4.6 (--6.4, --2.8)[b](#art41170-note-0013){ref-type="fn"}    --1.5 (--3.3, 0.4)                                             --0.3 (--2.0, 1.5)                                              --3.2 (--5.7, --0.6)   0.009    --4.4 (--6.8, --1.9)    \<0.0001
  Visit 4 (all with TENS)                                                                                 --4.0 (--6.0, --1.9)[b](#art41170-note-0013){ref-type="fn"}    --4.3 (--6.4, --2.2)[b](#art41170-note-0013){ref-type="fn"}    --3.2 (--5.1, 1.2)[b](#art41170-note-0013){ref-type="fn"}                                                               
  Self‐efficacy (PSEQ, 0--60)[e](#art41170-note-0016){ref-type="fn"}                                                                                                                                                                                                                                                                                            
  Visit 3 (randomized)                                                                                    3.2 (0.8, 5.6)[b](#art41170-note-0013){ref-type="fn"}          1.5 (--0.9, 4.0)                                               0.8 (--1.5, 3.1)                                                1.6 (--1.8, 5.1)       0.75     2.3 (--1.0, 5.7)        0.28
  Visit 4 (all with TENS)                                                                                 5.3 (2.6, 8.0)[b](#art41170-note-0013){ref-type="fn"}          4.4 (1.7, 7.1)[b](#art41170-note-0013){ref-type="fn"}          4.2 (1.6, 6.8)[b](#art41170-note-0013){ref-type="fn"}                                                                   
  Pain catastrophizing (PCS, 0--52)                                                                                                                                                                                                                                                                                                                             
  Visit 3 (randomized)                                                                                    --3.4 (--5.3, --1.4)[b](#art41170-note-0013){ref-type="fn"}    --3.1 (--5.1, --1.2)[b](#art41170-note-0013){ref-type="fn"}    --1.4 (--3.3, 0.5)                                              --0.3 (--3.0, 2.5)     \>0.99   --2.0 (--4.7, 0.7)      0.23
  Visit 4 (all with TENS)                                                                                 --6.1 (--8.2, --3.9)[b](#art41170-note-0013){ref-type="fn"}    --4.5 (--6.8, --2.3)[b](#art41170-note-0013){ref-type="fn"}    --4.9 (--7.0, --2.8)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Fear of movement (TSK, 17--68)                                                                                                                                                                                                                                                                                                                                
  Visit 3 (randomized)                                                                                    --0.7 (--2.0, 0.6)                                             --0.3 (--1.7, 1.0)                                             --0.2 (--1.4, 1.1)                                              --0.4 (--2.3, 1.5)     \>0.99   --0.6 (--2.4, 1.3)      \>0.99
  Visit 4 (all with TENS)                                                                                 --0.3 (--1.6, 1.1)                                             --2.3 (--3.7, 0.9)[b](#art41170-note-0013){ref-type="fn"}      --3.3 (--4.6, --2.0)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Mental quality of life (SF‐36 mental composite score, T score)[e](#art41170-note-0016){ref-type="fn"}                                                                                                                                                                                                                                                         
  Visit 3 (randomized)                                                                                    2.3 (0.2, 4.4)[d](#art41170-note-0015){ref-type="fn"}          1.2 (--0.9, 3.4)                                               --0.04 (--2.1, 2.0)                                             1.1 (--1.9, 4.1)       \>0.99   2.4 (--0.6, 5.3)        0.17
  Visit 4 (all with TENS)                                                                                 2.1 (--0.2, 4.4)                                               3.6 (1.3, 6.0)[b](#art41170-note-0013){ref-type="fn"}          2.8 (0.6, 5.0)[c](#art41170-note-0014){ref-type="fn"}                                                                   
  Physical quality of life (SF‐36 physical composite score, T score)                                                                                                                                                                                                                                                                                            
  Visit 3 (randomized)                                                                                    2.4 (1.0, 3.7)[b](#art41170-note-0013){ref-type="fn"}          1.2 (--0.2, 2.5)                                               1.4 (0.1, 2.6)                                                  1.2 (--0.7, 3.1)       0.36     1.0 (--0.8, 2.8)        0.58
  Visit 4 (all with TENS)                                                                                 3.5 (2.0, 5.1)[b](#art41170-note-0013){ref-type="fn"}          3.2 (1.6, 4.8)[b](#art41170-note-0013){ref-type="fn"}          4.4 (2.9, 5.9)[b](#art41170-note-0013){ref-type="fn"}                                                                   
  Anxiety (PROMIS, T score)                                                                                                                                                                                                                                                                                                                                     
  Visit 3 (randomized)                                                                                    --1.1 (--2.6, 0.5)                                             --0.6 (--2.1, 1.0)                                             --0.7 (--2.1, 0.8)                                              --0.5 (--2.7, 1.7)     \>0.99   --0.4 (--2.5, 1.7)      \>0.99
  Visit 4 (all with TENS)                                                                                 --0.5 (--2.1, 1.2)                                             --1.6 (--3.3, 0.1)                                             --2.2 (--3.8, --0.6)[c](#art41170-note-0014){ref-type="fn"}                                                             
  Depression (PROMIS, T score)                                                                                                                                                                                                                                                                                                                                  
  Visit 3 (randomized)                                                                                    --2.8 (--4.2, --1.5)[b](#art41170-note-0013){ref-type="fn"}    --0.1 (--1.5, 1.3)                                             0.4 (--0.9, 1.7)                                                --2.7 (--4.7, --0.8)   0.002    --3.2 (--5.1, --1.3)    0.0001
  Visit 4 (all with TENS)                                                                                 --2.0 (--3.4, --0.6)[c](#art41170-note-0014){ref-type="fn"}    --1.3 (--2.7, 0.1)                                             --1.2 (--2.6, 0.2)                                                                                                      
  Self‐reported function (Revised FIQ, 0--30)                                                                                                                                                                                                                                                                                                                   
  Visit 3 (randomized)                                                                                    --2.7 (--4.0, --1.4)[b](#art41170-note-0013){ref-type="fn"}    --1.4 (--2.7, --0.1)[d](#art41170-note-0015){ref-type="fn"}    --0.6 (--1.8, 0.7)                                              --1.3 (--3.2, 0.5)     0.25     --2.1 (--3.9, --0.4)    0.013
  Visit 4 (all with TENS)                                                                                 --2.8 (--4.2, --1.4)[b](#art41170-note-0013){ref-type="fn"}    --3.7 (--5.1, --2.3)[b](#art41170-note-0013){ref-type="fn"}    --3.6 (--4.9, --2.3)[b](#art41170-note-0013){ref-type="fn"}                                                             
  Self‐reported function (SF‐36, T score)[e](#art41170-note-0016){ref-type="fn"}                                                                                                                                                                                                                                                                                
  Visit 3 (randomized)                                                                                    1.4 (0.1, 2.7)[d](#art41170-note-0015){ref-type="fn"}          0.5 (--0.8, 1.8)                                               0.8 (--0.5, 2.0)                                                0.9 (--1.0, 2.7)       0.79     0.6 (--1.2, 2.4)        \>0.99
  Visit 4 (all with TENS)                                                                                 2.9 (1.5, 4.4)[b](#art41170-note-0013){ref-type="fn"}          2.3 (0.9, 3.8)[b](#art41170-note-0013){ref-type="fn"}          3.0 (1.6, 4.4)[b](#art41170-note-0013){ref-type="fn"}                                                                   
  Self‐reported function/physical activity (IPAQ SF, % change in METs per week)                                                                                                                                                                                                                                                                                 
  Visit 3 (randomized)                                                                                    8.1 (--22.0, 49.9)                                             52.1 (9.0, 112.2)[c](#art41170-note-0014){ref-type="fn"}       --14.2 (--37.5, 17.8)                                                                  0.24                             0.67
  Visit 4 (all with TENS)                                                                                 38.1 (--1.2, 93.0)                                             46.3 (4.1, 105.5)[d](#art41170-note-0015){ref-type="fn"}       29.9 (--6.3, 80.1)                                                                                                      
  Performance‐based function (6MWT, feet walked)                                                                                                                                                                                                                                                                                                                
  Visit 3 (randomized)                                                                                    --1 (--55, 54)                                                 --20 (--75, 36)                                                --42.1 (--95, 11)                                               19 (--58, 96)          \>0.99   42 (--34, 117)          \>0.99
  Visit 4 (all with TENS)                                                                                 15 (--42, 71)                                                  16 (--41, 74)                                                  --2 (--57, 53)                                                                                                          
  Performance‐based function (5TSTS, sit‐to‐stand times in 10 seconds)                                                                                                                                                                                                                                                                                          
  Visit 3 (randomized)                                                                                    0.6 (0.3, 1.0)[b](#art41170-note-0013){ref-type="fn"}          0.4 (0.0, 0.7)[d](#art41170-note-0015){ref-type="fn"}          0.1 (--0.3, 0.4)                                                0.2 (--0.2, 0.7)       0.96     0.6 (0.1, 1.0)          0.008
  Visit 4 (all with TENS)                                                                                 0.6 (0.2, 1.0)[b](#art41170-note-0013){ref-type="fn"}          0.8 (0.4, 1.3)[b](#art41170-note-0013){ref-type="fn"}          0.6 (0.1, 1.0)[c](#art41170-note-0014){ref-type="fn"}                                                                   
  Performance‐based function (minutes per day of moderate‐to‐vigorous physical activity, % change)                                                                                                                                                                                                                                                              
  Visit 3 (randomized)                                                                                    --9.4 (--27.8, 13.5)                                           2.5 (--18.6, 29.1)                                             --14.1 (--29.5, 4.7)                                                                   \>0.99                           \>0.99
  Visit 4 (all with TENS)                                                                                 --6.8 (--27.2, 19.3)                                           --0.3 (--22.3, 27.9)                                           --17.0 (--33.9, 4.1)                                                                                                    

Mean change (from baseline at visit 2) to visit 3 (after 4 weeks of home use of active TENS, placebo TENS, or no TENS) and visit 4 (after 4 weeks of home TENS use in all groups) with adjusted 95% confidence intervals (95% CIs). Change scores are presented for the randomized phase between visit 2 and visit 3, and for the difference from baseline at visit 4 when all subjects received active TENS. P values represent post hoc comparisons between groups. BPI = Brief Pain Inventory; MAF = Multidimensional Assessment of Fatigue; GFI = Global Fatigue Index (see Table [1](#art41170-tbl-0001){ref-type="table"} for other definitions).

*P* = \<0.001.

*P* = \<0.01.

*P* = \<0.05.

Higher score represents improvement.

John Wiley & Sons, Ltd

As part of our recruitment and retention strategy, we provided active TENS units to all participants after visit 3 for 4 weeks of home use and then tested effects on visit 4. The active TENS group (n = 75) continued to exhibit a reduction in resting and movement‐evoked pain after an additional 4 weeks of home use (Table [2](#art41170-tbl-0002){ref-type="table"} and [Supplementary Table 6](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>). After 4 weeks of active TENS use, the placebo TENS group (n = 68) and no TENS group (n = 94) had significant decreases in resting and movement‐evoked pain (Table [2](#art41170-tbl-0002){ref-type="table"} and [Supplementary Table 6](#art41170-sup-0001){ref-type="supplementary-material"}).

#### Fatigue {#art41170-sec-0020}

After 4 weeks of active TENS use, there was a significant reduction in movement‐evoked fatigue in the active TENS group compared to the placebo TENS group (*P* = 0.001) and the no TENS group (*P* \< 0.0001) (Figure [2](#art41170-fig-0002){ref-type="fig"} and Table [2](#art41170-tbl-0002){ref-type="table"}), per ITT analysis. Resting fatigue and MAF global fatigue index results showed significant differences between active TENS use and placebo TENS or no TENS use (*P* \< 0.05) (Table [2](#art41170-tbl-0002){ref-type="table"}). The per‐protocol analysis demonstrated similar results for fatigue ([Supplementary Figure 2 and Supplementary Table 4](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

#### Function, disease impact, quality of life, and pain‐related psychological factors {#art41170-sec-0021}

Active TENS produced significant reductions in disease impact (Revised FIQ) and self‐reported function (Revised FIQ function subscale) compared to no TENS use but not compared to placebo TENS (Table [2](#art41170-tbl-0002){ref-type="table"}), per ITT analysis. No differences between groups were observed for performance‐based function (6‐minute walk test and 5‐time sit‐to‐stand test), physical activity (accelerometry and IPAQ short form), fear of movement (TSK), pain catastrophizing (PCS), self‐efficacy (PSEQ), anxiety (PROMIS), or quality of life (SF‐36), except for a small decrease in depression (PROMIS) with active TENS use (Table [2](#art41170-tbl-0002){ref-type="table"}).

### Global impression of change {#art41170-sec-0022}

The GIC showed that 70% of those in the active TENS group reported global improvement compared to 31% of those in the placebo TENS group (*P* \< 0.0001) and 9% of those in the no TENS group (*P* \< 0.0001), by ITT analysis (Figure [3](#art41170-fig-0003){ref-type="fig"}A). The GIC rating was moderately correlated with the change in movement‐evoked pain (r = --0.39, *P* = 0.0001 by Spearman\'s coefficient; n = 242) ([Supplementary Figure 3](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

![The active TENS group had an improved perception of change and a greater number of responders with regard to the degree of change in movement‐evoked pain or fatigue during a 6MWT compared to the placebo TENS or no TENS groups. **A**, The percentage of participants who reported feeling better or much better (blue), no change (green), and worse or extremely worse (red) after 4 weeks of active TENS, placebo TENS, or no TENS treatment. The majority of individuals reported a significant overall improvement after using active TENS compared to those who used placebo TENS or no TENS (*P* \< 0.0001). There were no differences between the placebo TENS and no TENS groups (*P* = 0.175). **B**, Percentages (with 95% confidence intervals \[95% CIs\]) of subjects in each treatment group who had a clinically meaningful response to TENS (as described by Arnold and colleagues [43](#art41170-bib-0043){ref-type="ref"}, i.e., ≥30% reduction \[pain\], ≥20% reduction \[fatigue, function\]). There was a significantly greater number of responders for pain, fatigue, and both pain and fatigue in the active TENS group compared to the placebo TENS and no TENS groups. Function was measured according to the Revised Fibromyalgia Impact Questionnaire [39](#art41170-bib-0039){ref-type="ref"}. See Figure [2](#art41170-fig-0002){ref-type="fig"} for other definitions. Color figure can be viewed in the online issue, which is available at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>.](ART-72-824-g003){#art41170-fig-0003}

### Responders to TENS intervention {#art41170-sec-0023}

We defined TENS responders as subjects who exhibited the following after TENS use: pain reduction of ≥30%, fatigue reduction of ≥20%, and function improvement of ≥20% (based on percentages that have been suggested as clinically meaningful in prior studies [42](#art41170-bib-0042){ref-type="ref"}, [43](#art41170-bib-0043){ref-type="ref"}). For pain, the active TENS group had significantly more responders compared to the placebo TENS and no TENS groups (*P* = 0.004 and *P* \< 0.001, respectively) (Figure [3](#art41170-fig-0003){ref-type="fig"}B). Similarly, for fatigue, the active TENS group had significantly more responders compared to the placebo TENS and no TENS groups (*P* = 0.019 and *P* = 0.004, respectively). For function (measured with the Revised FIQ function scale), the number of responders did not differ between groups (Figure [3](#art41170-fig-0003){ref-type="fig"}B).

### Blinding {#art41170-sec-0024}

The outcome assessors were adequately blinded with regard to active TENS, placebo TENS, and no TENS treatment (with correct treatment identification of 45%, 13%, and 20%, respectively). The participants were blinded with regard to placebo TENS treatment (with correct treatment identification of 49%), but correctly identified active TENS treatment 70% of the time. The reduction in movement‐evoked pain during the 6‐minute walk test after 4 weeks of active TENS use was not significantly different in those who correctly identified active TENS treatment (--1.9 \[95% CI --2.6, --1.3\]) compared to those who did not correctly identify active TENS treatment (--1.4 \[95% CI --2.5, --0.3\]), with a mean difference of --0.56 (95% CI --1.7, 0.6) (*P* = 0.50).

### Adverse events {#art41170-sec-0025}

There were 30 adverse events related to TENS intervention in 30 participants on visits 1, 2, or 3. The most common adverse events were pain with TENS (4.8% in the active TENS group, 4% in the placebo TENS group, and 1% in the no TENS group) and skin irritation with electrodes (4.8% in the active TENS group, 1% in the placebo TENS group, and 0% in the no TENS group). Adverse events reported on visit 2 occurred during the first treatment at that visit, and adverse events reported on visit 3 were during treatment at that visit and during the 4‐week period of home use. [Supplementary Table 7](#art41170-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>, shows rates of TENS‐related adverse events by visit. There were 4 serious adverse events, with none related to TENS use ([Supplementary Results](#art41170-sup-0001){ref-type="supplementary-material"}, <http://onlinelibrary.wiley.com/doi/10.1002/art.41170/abstract>).

Discussion {#art41170-sec-0026}
==========

This double‐blind, randomized, controlled trial showed that active TENS use significantly reduced movement‐evoked and resting pain and fatigue compared to placebo TENS or no TENS use in women with FM. The current study used a classic design to examine active TENS--specific effects compared to placebo TENS use, but also included a unique method of comparison (no TENS use) as a more pragmatic application that includes both specific and nonspecific treatment effects. While participants in the active TENS group correctly identified the intervention 70% of the time, there was no difference in pain reduction between participants who correctly guessed the treatment and participants who did not---an argument against a difference based on inadequate blinding. We also demonstrated adequate blinding with regard to placebo TENS intervention by utilizing our novel transient placebo TENS unit with repeated use, further validating the placebo TENS intervention from our prior study that showed excellent blinding with a single use [41](#art41170-bib-0041){ref-type="ref"}.

Our primary outcome measure of movement‐evoked pain lacks formally validated minimally important differences in the published literature; however, we utilized the general thresholds recommended by the Outcome Measures in Rheumatology group (30% reduction in pain, 20% reduction in fatigue, and 20% reduction in functional impairment) [43](#art41170-bib-0043){ref-type="ref"}. In the active TENS group, 44% of participants exhibited clinically important reductions of 30% and 45% in pain and fatigue, respectively, with 29% exhibiting a reduction in both pain and fatigue, suggesting that a subpopulation of individuals with FM responds well to TENS. The responder rates for pain are similar to those obtained with Food and Drug Administration--approved pharmaceutical agents for FM, such as duloxetine or pregabalin, which demonstrate responder rates of 31--41% based on a 30% reduction in pain [44](#art41170-bib-0044){ref-type="ref"}, [45](#art41170-bib-0045){ref-type="ref"}. The comparative reductions in movement‐evoked pain with active TENS compared to placebo TENS were small, averaging a 1‐point difference on an 11‐point scale. However, the comparative reduction was 1.8 when compared to no TENS. A 1.8‐point decrease equates to a [\>]{.ul}30% reduction for individuals with a pain rating of ≤6 [42](#art41170-bib-0042){ref-type="ref"}. It should be noted that some studies also suggest that a 2‐point reduction in pain is the clinically relevant threshold [46](#art41170-bib-0046){ref-type="ref"}. Future studies should be conducted to identify which patients are most likely to respond to TENS, which would be an inexpensive, safe, and easy‐to‐disseminate intervention for pain management.

The reductions in pain and fatigue, 2 common symptoms in FM, likely contributed to improvements in GIC reported by individuals who received active TENS. While pain is a defining characteristic of FM, fatigue is also a common symptom, occurring in the majority of individuals with FM [47](#art41170-bib-0047){ref-type="ref"}. Both pain and fatigue contribute significantly to perceived disability and function [48](#art41170-bib-0048){ref-type="ref"}, and the global rating of change is associated with improvements in pain and fatigue in individuals with FM [49](#art41170-bib-0049){ref-type="ref"}, [50](#art41170-bib-0050){ref-type="ref"}. We show in our trial, for the first time, the relationship between global improvement and movement‐evoked pain, with similar results to those obtained in prior studies on pain and GIC [49](#art41170-bib-0049){ref-type="ref"}, [50](#art41170-bib-0050){ref-type="ref"}. The magnitude of reduction in both pain and fatigue observed in the current study is likely to have a significant impact on the day‐to‐day experience of FM patients [51](#art41170-bib-0051){ref-type="ref"}, [52](#art41170-bib-0052){ref-type="ref"}.

In a recent Cochrane review, Johnson et al examined the efficacy of TENS treatment for individuals with FM and concluded that there was insufficient high‐quality evidence [17](#art41170-bib-0017){ref-type="ref"}. The main concerns were inadequately powered studies (n = 5--43 participants per group) with incomplete and limited outcome reporting. Additional concerns in regard to TENS clinical studies include use of an adequate placebo with blinding of participant and assessors, timing of outcome measurements, adequate dosing of TENS, and monitoring of concurrent analgesia [21](#art41170-bib-0021){ref-type="ref"}, [22](#art41170-bib-0022){ref-type="ref"}. The current study was designed to address these concerns, as well as the multiple dimensions of FM recommended by professional societies as clinically important domains [53](#art41170-bib-0053){ref-type="ref"}. While we showed significant effects on pain, fatigue, and global improvement, we failed to detect a change in several FM domains, including function, psychological factors, and quality of life, after 4 weeks of TENS use. The lack of effect on function could be related to the short duration of TENS use, as functional changes may take a longer period of time to change or are harder to achieve, particularly in longstanding conditions such as FM. As an example, most exercise studies require 8--24 weeks for improved function, with improvements varying between 10% and 20% [54](#art41170-bib-0054){ref-type="ref"}. It is also possible that TENS may improve adherence to an exercise task, while not directly improving function. Future studies are needed in order to examine more long‐term effects in a pragmatic setting so as to evaluate the interactions between function and adherence with physical activity interventions.

Uniquely, the current study, compared to prior TENS studies [22](#art41170-bib-0022){ref-type="ref"}, examined outcomes during TENS treatment. TENS activates endogenous inhibitory pathways in the central nervous system, releasing the inhibitory neurotransmitters serotonin, opioids, and GABA to reduce sensitization of central neurons [14](#art41170-bib-0014){ref-type="ref"}, [55](#art41170-bib-0055){ref-type="ref"}, and the greatest effects occur during stimulation, when endogenous inhibitory neurotransmitters are released. We also demonstrate that active TENS has a cumulative effect because there was a greater reduction after 4 weeks of home use when compared to the first single treatment. Further, active TENS remained effective after 8 weeks of repeated home use in the active TENS group. This is important as we have previously reported the development of analgesic tolerance to the repeated use of high‐frequency or low‐frequency TENS in animals and human participants, a phenomenon mediated by endogenous opioids [56](#art41170-bib-0056){ref-type="ref"}, [57](#art41170-bib-0057){ref-type="ref"}. The lack of tolerance to repeated use is likely a result of the mixed frequency used in the current study, as prior studies in animals have shown decreased tolerance with mixed frequencies [58](#art41170-bib-0058){ref-type="ref"}. Thus, understanding the mechanisms underlying analgesia produced by nonpharmacologic interventions is critical to the design of an adequate clinical trial to detect clinical effectiveness.

Importantly, the current study recorded adverse events in the active TENS and placebo TENS groups and showed minimal adverse events. Fewer than 5% of individuals receiving active TENS or placebo TENS reported pain with TENS or irritation with electrodes. This demonstrates that TENS is safe and could be a useful treatment for home use.

There are several limitations to the study. The inability to achieve full blinding with regard to the active intervention, as noted above, may lead to reporting bias by the subject. However, if TENS is given at an adequate intensity (strong, but comfortable or greater [23](#art41170-bib-0023){ref-type="ref"}, [41](#art41170-bib-0041){ref-type="ref"}) to produce analgesic effects, this limitation may be unavoidable in a clinical trial of TENS. Data on medication usage were collected by self‐report, and thus subject recall bias and willingness of the subject to fill out the log can influence results. In the current study, 75% of subjects filled out enough logs for us to examine change in medication use as an outcome. A greater number of subjects withdrew from the active TENS group (n = 15) and the placebo TENS group (n = 11) group than the no TENS group (n = 4), which might suggest an unwillingness of some individuals to use the units on a regular basis. Additionally, this study was performed only in women with FM and thus the findings may not translate to men with FM. Last, the trial was designed as a 4‐week intervention, and while we observed significant effects on pain and fatigue, we did not see significant effects on function, rescue medication usage, or psychological outcomes. It is possible that longer treatment is necessary to see effects on these other outcomes, and thus future experiments will be needed to examine the more long‐term impact of TENS use.

In conclusion, among women with FM who were on a stable medication regimen, the use of active TENS compared to placebo TENS for 4 weeks resulted in significantly reduced movement‐evoked pain. The use of active TENS compared to no TENS, as would be done clinically, resulted in a statistically and clinically meaningful improvement in movement‐evoked pain. Further research is needed for replication, to assess the duration of effect, and to establish clinical importance of these findings.
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